
TECHNICAL MEMORANDUMS 



NATIONAL ADVISORY COMMITTEE FOR AERONAUT ICS 



No. 739 



EXPERIMENTS WITH PLANING SURFACES 
By W. Sottorf 



Worft-Heederei-Haf en 
October 1, 1932; February 15, and March 1, 1933 



Washington 
March 1934 



REPRODUCED BY 

NATIONAL TECHNICAL 
INFORMATION SERVICE 

U. S. DEPARTMENT OF COMMERCE 
SPRINGFIELD, VA. 22161 



37 



NOTICE 
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TECHNICAL MEMORANDUM NO. 7 39 



EXPERIMENTS WITH PLANING SURFACES* 



By W. Sottorf 



A previous report (reference l) discusses the experi- 
mental program of a systematic exploration of all questions 
connected with the planing problem as ^;ell as the first 
fundamental results of the investigation of a flat planing 
surface. The present report is limited to the conversion 
of the model test data to full scale. 

According to Froude's method, the results of model ex- 
periments on ships are converted conformably to the for- 
mula 



p 

I - (w - c m f I - v s ) X + c s E' £ V 2 



where W is the resistance of the full-sized craft 

w, total model resistance 

P 

c m ^ 1 o yS > f rict ional resistance of model 



P 2 

c s F 1 — V , frictional resistance of full size 



in which 

c m is the coefficient of friction of the model 

c s , coefficient of friction of full size 

f 1 , wetted surface of model 

F', wetted surface of full size 



*" V or such e mit Grleit f lachea. 11 Wer ^t-Rsederei-Haf en , Octo- 
ber 1, 1932, pp. 235-290; Eeoruary 15, 1*33, pp. 43-47; 
and March 1, 1933, pp. 61-66, 
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v, speed of model r 

V, speed of full size 

7 

p = — , density of water 
\ 9 scale 

Th(- frictional resistance is subtracted from the meas- 
ured model resistance, and the residual resistance, con- 
taining form and eddy resistance, is multiplied "by the 
third power of the scale, so as to give the form arid eddy 
resistance for full size. Lastly, the frictional resist- 
ance for full size is added. 

The calculation of the frictional resistance of both 
model arid full size is effected with friction coefficients 
obtained from towing flat, almost displacementless surfaces, 
in which it is assumed that the boundary layer condition 
affecting the coefficient is the same for both ship and r,o 
model. The wetted surface , f 1 is developed for the model 
below the water line at rest and is assumed equal to the 
wetted surface of the model under way. A further assump- 
tion is that the local increases and decreases of speed 
that appear on the ship as the effects of displacement 
flow and the wave system, are to be disregarded relative 
to the model and ship speed used in the formula. Searching 
analyses of trial runs have shown that the accuracy of con- 
version with ship-model experiments averaged ±2 percent of 
the power and ±1 percent of the revolutions, thus demon- 
strating that the simplifying assumptions made in the con- 
version formula are permissible. 

The conversion of the towing test results of plfini^g 
water craft, that is, especially of planing boats, airplane 
floats pnd hulls to full size, is r.ot possible with the 
same method because: 

1) The wetted surface changes with the speed and 

with the an£,:le of trim; 

2) The mean speed of the water on a planing surface 

differs substantially fro::; the towing speed, 
as confirmed by the pressure measurements of 
' reference 1; 
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ence 1) that the 'total resistance of a 

planing condition, where top as well 
reo of water and-hence only- under atmos- 



At smaller scales, the friction coefficients 
at equal Reynolds 'Numbers may assume differ- 
ent values, depending upon whether the 
boundary layer is laminar or turbulent, or 
turbulent after laminar approach. 



3-CAL"S TESTS VHTH PLAN I IT G SURFACES 



In order "to clear up 'these points the planing surface 
tests were carried through to point. 5 of the,.test program. 
It was sliown,. (refer 
flat bottom in pure 
as side edges' are £ 
pheric pressure, la 

- rp 

W .= 'A tan a + " 

- \ ■ cos a 

The horizontal component of the frictional resistance then 

is - • \ • .• • . . 

' ' •> - - Wfv = T7 A- tan ; a . \, . . ; u 

and the "f rictionol resS^auce parallel to the surface is ' 

. ■ \ 

• T • = W]D C O S CC • / • • : f ... 

• f • • : :.. ; .. 

so the coefficient of frictional resistance is 

- i v ! : , 8 - \ ' ,,: ■ v ; ., v 

Here the wetted surf ace, is introduced, as a measured quan- 
tity, and for the determination of the mean speed • v m 6f ' 
the water over the. planing surface, the -edtict ion in' speed 
v u ~ f ( f a) in reference 1 is resorted to. ^ 

Starting v/ith run *To i 42 : -62 (reference 1, page 12) \ 
with* the flat' planing surface' A of b a -\0^Z t m beam, at 
6 m/s speed and 18" kg Toad, the investigation Is contin- 
ued conformably' to, the -ITroude -l-aw on five other similar 
planing surfaces. * - - \ ■ 

m X 39.37 == in. m/s X 3 •26033 - ft. /sec. leg X 2.20462 = 

. > lb. 
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For a similar -planing., surface of beam b 3 . 
tnen A, - — - , the corresponding speed v 2 

the load A 2 - \ 3 A x t test schedule for the six plan- 

surfaces tested, is as follows: 



the scale is 
— v X v 1 and 



in. 



t 1 aning 


0 


v 


A 


surface 


m 




kg 










1 


0 . 600 


8 . 48\ 
6.00 \ 


14-1.000 


2(A) 


0. 300 


. 18.000 


3 


0 o o p; 


5.20 \ 


.7. 600 


4 


0 . 150 


4.24 | 


2.250 


5. 


0* 100 


3.4.6 


0. 5 60 


6 


0.075 


.3.00 \ 


0.281 



and speed and variable raome.it, and in rach case the re- 
sistance, trim, and wetted length were) measured. 

( 

The test set-up for the two large!* models is, in 
prip-ciple, the same as described in reference 1. On the 
smaller models the dynamometer and tJfte trim rods were dis- 
connected for the sake of accuracy , /and the measurements 



~ ^ ^ ^ ^- x a. v-V > / ****** ^no ••led o J. I C ill c II 0 £3 

are rca&e as pendulum measurement^* >* using a very flexible 
spring. The planing surfaces yre located behind a wind 
screen, thus avoiding any air-scee 



eed effect. 




RESULTS 



Tabulat ion /of Test Data 



e - - 



m 

0, 
0 , 
0 . 

0 . 

n 



IJT* 



__A_b_ 
144 kg, 



p. 



Cf 



v = 8.43 m/i 



1403 
,1403 
1410 
1403 
1410 
1438 



*Axis of moment ii 



1 . 430 


8. 


75X10 5 


0.00279 


1.373 


7. 


67X10 6 


0.00287 


1 .154 


6. 


62X10 6 


0 .002 8 5 


1 .122 


6. 


62X10 6 


0 .00280 


1 .000 


5. 


45X10 6 


0 .00235 


1..J 









iter edge of planing surface, 
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Tabulation of Test Data (Cont.) 



~Q H Tl 

li all 






1? ! 


w 


ia 










a 


rs 

p. . 




A 0 


R 

L 


c f 




Surface 2: 


b = 0 


.3m, A : 


s 13 kg, 


v = 6 m/ s 






deg 


. min . 


j 










7 


2 


36 


4. 67C 


0. 1845 


2 . 660 


6.41 X10 s 


0.00327 


8 


3 


47 


3.050 


0. 1600 


2.145 


4.22 X10 6 


0.00 333 


9 


3 


58 


2.918 


0.1556 


2 . 0 60 


3.98 X10 s 


0.00333 


10 


4 


10 


2.700 


0. 1567 


2.015 


3.68 X10 s 


0.00348 


11 


4 


15 


2. 600 


0 .1540 


1.340 


3.56 X10 G 


0.00339 


12 


4 


2 6 






1 7 60 


3 2 6 X 1 0 s 


O 00 3 43 


13 


5 


8 


1.935 


0 . 1442 


1 . 171 


3 .63 X10 G 


0.00317 




5 


12 


1 8 R R 


0.1470 


1 .416 


2. 545X10 5 


0.00338 


15 


5 


31 


1.717 


0.1460 


1 .308 


2.2 8 X10 s 


0.00332 


16 


5 


40 


1. 634 


0 . 1460 


1.215 


2.15 X10" 


0.00339 


17 


6 


53 


1 . 0 50 


0 .1505 


0 .336 


1.41 X10 6 


0.00331 


18 


7 




1.000 


0 .1505 


0 .765 


1 .315X10 3 


0.00334 


19 


7 


54 


0 .783 


0.159 5 


0 . 570 


1.000X10 6 


0 .00331 


20 


8 


58 


0 . 60 6 


0 .1695 


0.450 






21 


9 


34 


0 . 544 


0 .1760 


0.40 5 








Surface 3: 


i « o 


.225 m, A = 7.6 kg, v = 5.2 m/s 


22 


3 


27 


3.450 


0 .1710 


2. 313 


3.07 X10 s 


0.00 355 


23 


4 




2 . 8 50 


0 .1622 


1. 995 


2.52 X10 s 


0.00362 


24 


4 


57 


2.010 


0 .1520 


1 .355 


1.7 62X10 6 


0.00368 


25 


5 


37 


1. 560 


0. 1486 


1.090 


1. 3 60X10 6 


0.00372 


2 6 


6 


41 


1. 110 


0 .1520 


0. 828 


0.955X10 6 


0.00 37 4 


o oa 


6 


40 


1 . 1 10 


0.1520 


0.828 


0.9 55X10 6 


0.00374 
















8i 














0.955 X 10 S 


roughenec 


26b 


6 


38 


1. 12 5 


0.1550 


0.828 


0 .00 420 
















Iff 
















roughenec 


26c 


5 


38 


1. 145 


0 .1683 


0.828 


0.9 55X10 6 


0.00541 
















32^ 
















roughenec 


3 7 

i 


7 


48 


0.822 


0. 1613 


0.580 


0 . 690X10 6 


0.00371 


j 


Surface 4: 


"b = 0. 


15 m, A s 


= 2.2 5 fef 


It v = 4 . 2 4 m/ s 


28 


2 


57 


3.500 


0.2000 


2 .380 






2 9 


4 


19 


2.467 


0 . 1720 


1.817 


1.19 X10 s 


0 .00 439 


30 


4 


43 


2 . 053 


0 .1645 


1 . 53 4 


9.8 6 X10 5 


0 .00452 


31 


5 


30 


1. 698 


0 .1623 


1.2 68 


8.10 X10 s 


0.00445 


32 


6 


12 


1.350 


0. 1578 


0.993 


6.37 X10 5 


0.00427 


33 


8 




0.787 


0. 1662 


0 . 504 


3.57 X10 5 


0.00411 



\ 
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Tabulation o 



Run 




a 




F 1 





No . 









..._._!:! 


Surface 5 


: 1 = 0 


. 1 m , A 






. min . 






3 4 


2 


53 


3 °-00 


o pR?n 

W • O (J o w 


3 5 


4 


25 


2 60 0 


0 P? ^8 


36 


5 


4 


2.150 


0 .2000 


37 


5 


2 9 


1 . 820 


0 . ] 880 


33 


5 


56 


1 . 500 


0.1788 


39 


7 


8 


1 .000 


0.1726 


40 


8 




0.7 50 


0 .1803 




Surface 


Si 


D.07 5 m, 


41 


2 


5 9 


3 . 8 -30 


0.3220 


42 


3 


42 


3.200 


0 .2825 


43 


4 


50 


2 .200 


0 .23 60 


44 


5 




1.535 


0.2110 


45 


7 


9 


1.000 


0.1850 


45 


3 


6 


0.868 


0.1911 


47 


9 


32 


0 . 667 


0.2100 



Mean reduction in speed over 



a = 2° 4° 



Test Da ta ( Cont . ) 



A 

Jri, 


If 


E 


c f 


0. 


660 kg, v = 3. 


46 m/ s 


2 . 


135 






1 • 


7 55 


6. 82X10 5 


0 • 0 U b 6 4 


1 . 


5 5 5 


5. 59X10 5 


C\ r\ C\ R Q A 


1. 


255 


4.71X10 5 


U.UUOr ,) 


0. 


952 


3.97X10 5 


U . U U 0 ( l ± 


0. 


640 


2. 51X10 5 


U • UU 0 f i 


0. 


444 


1.8 5X10 5 


0 00 6 S 1 




0.281 kg, v - 


3 m/ s 


2. 


300 


5. 63X10 5 


0 .00768 


2. 


155 


5.42X10 5 


0.00757 


1. 


450 


3.82X10 5 


0.00 7 50 


1.0 40 


2 . 56X10® 


0.00806 


0. 


480 


1.76X10 5 


0.00 67 5 


0. 


414 


1 .40X10 5 


0.0071S 


0. 


233 


1.03X10 5 


0.00872 



the planing surface v u -v-v m . 
o go' 1Q o 



y v - 0.4vo 1.3$ 3.4^ 7.2$ 13.2$ 

W 

Figure 1 snovrs planing number € - -£ versus trim an- 
gle a for all investigated surfaces. It is apparent 
that the smaller the scale the less favorable e becomes. 
It is particularly notable that tiie change from the condi- 
tions in which the edges of the planing surfaces are vot . 
to that of pure planing occurs at very small trim angles 
for the larger scales, while at the small scales it occurs 
at larger angles the smaller the surface as seen from th# 
boundary curve. This demonstrates the dissimilarity of 
flow pattern when the scale is too srall. 

Figure 2- givea the friction coefficients Cf « 

Ir cos a v. l T 

versus the Reynolds huucer R » — • The 

m l v 2 

2 ^ 

curves I, II, and III show the experimental points that 
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have been obtained in friction tests "by the formation of 
laminar, turbulent, and turbulent "boundary layer with lam- 
inar approach* According to the tests in this range, the 
alternate creation of different conditions o.f the boundary 
layer should result in considerable variation in the coef- 
ficients., ■ ■ In contrast, it can be stated as a. most impor- 
tant result of these tests, that the scatter of the coef- 
ficients corresponding to a single surface is very small.. 

It should be noted that the whole scatter of the • 
points applies to the frictional resistance of the 

formula, as a result of which, at higher trim angles with 
a correspondingly smaller proportion of ffjj , there must 
result an apparently greater scatter. Furthermore, the 
wetted length l and correspondingly the wetted surface 
J 1 '., enter as measured quantities as a result of which the 
scatter for small wetted lengths increases because of er- 
rors of reading of small absolute magnitude. 

The individual test points were determined partly in 
■entirely calm water, as at the beginning of the runs and 
after stops, and partly in slightly rough water. Conse- 
quently the small scatter of the test points attests to 
the existence of only a single temporarily stable form of 
the boundary layer. The values for any one planing sur- 
face are approximately constant. The coefficients increase 
as the mean Reynolds Uumber decreases. At equal Reynolds 
Number the coefficients for the different surfaces vary, 
which is explained by the fact that the trim angles of 
the surfaces and as a result, the mean pressures and the 
pressure rises at the lea. ding edges ere dissimilar, with 
consequent effect on the boundary layer. The different 
roughness of the planing surfaces presents a possibility 
of influencing' the coefficients. To ascertain whether the 
different degrees of roughness at the leading edge of the 
wetted surface may influence the coefficients which lie 
below the curve of the turbulent friction, the roughened 
surface No • 3, for comparison with run 26, in which a wet- 
ted length of 250 mm was observed, Fas further roughened 
over its whole width for 20 mm, that is, between 230 and 
250 mm of its length, and then, consecutively, for 40 mm 
and for 80 mm. The result was that the first, 8 percent 
roughness, produced no increase in resistance, the second 
with 16 percent roughening, a 12 ; 3 percent increase, and 
the third, with 32 percent roughening, a 31 percent in- 
crease in resistance. This shows that the boundary layer 
condition underwent no change with 8 percent roughening, 

mm X .03937 = in. 



N.A.C.A'. Technical Memorandum No. 739 



and t'hgit art increase in coefficient as roughness effect 
o c'cur § 'only with, extensive roughness. 

' -'The surface coefficient f * / b 2 and moment coefficient 
M/ATd are plotted against a in figure 3. No legitimate 
deviation from 9 mean curve "being e sta"bl i shed . for "both 
factors, it may "be stated that within the range invests : 
gatod, similarity of wetted surfaces, similarity of mo-.' 
ments, and hence similarity of pressure distribution does 
exist." 

• SCALE TESTS WITH FLOATS 



The investigations thus far are applicable to one 
load ca.se'*at a speed where the pure planing condition has 
developed. But in float experiments the region of the 
hump res i stance ' wherein this planing condition is as yet 
not fully developed, is also of great importance. So, in 
order to' ascertain the" effect of the scale on the hump re- 
sistance, a series of tests was made with floats of differ- 
ent seal e s - The f irs't test 'was a towing test of a single 
full-sized f lostt ; type HS1H at a load of 1,200 kg - equiva- 
lent' to half the ."gross weight - that was carried to the 
maximuu speed that .could "be reached free to trim in the 
exper lmeiital ' ta'iik 9.5 ni/s- The load on the float was re- 
duced according to the formula 




where.^ 7 S is the {jet-away speed = 23.33 m/ s . The load 
was - not .reduced to correspond with the change in trim as 
it is unnecessary in a stvidy of scale effect. . The center of 
gravity position in height and length, as well as the point 
of apy.l icat ion of the towing pull was fixed. The resist- 
ance and trim were meastired aafl at one speed the shape of 
the sy.ray in a [-lane at right angles to the float was also 
determined... Other scales selected v;ere \ = 3 1 6, 9, and 12. 

Each' model float was tested under identical conditions 

conformably to. the Froude . l o c*el law. These test series give 

the effect of the scale on resistance, . trim,' .and shape of 
spray at the sarae moment .. . 

Other test curves were 'obtained in the region of the 
hump . resistance i: y bringing tne novels to the same trim 
condition by altering the moment, as the full-sized float. 
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These experiments give the effect of the scale on resist- 
ance and moment at the same trim; that is, the actual 
scale effect result. img from the change in friction coeffi- 
cients if it can be assumed that at the sarae angle of trim 
not only the planing surfaces under pressure "but also the 
areas of the afterbody wetted by the spray, are similar, 

RESULTS. •• 

Figure's 4 and 5 give resistance and trim angles of 
the full-scale float and also of the model floats, for 
which W = w \ 3 has been desired. ?or instrumental rea- 
sons, the first full-sized float test could not be run 
above 6.75* m/ s ; only in the next test with a different mo- 
ment could the maximum be clearly determined. 

Figure 6 shows the manner in which the percentage of 
increase in resistance varies with X at maximum resist- 
ance when m = constant and when a = constant: 



X 


m = 


constant 


a = constant 


3 


3.5 


p er cent 


3-. 5 percent 


6 


S.O 


ii 


10.5'' ." 


9 


10 . 5 


ii 


17.0 " 


12 


21.5 


ii 


25.0 ! 



The angles of trim prior to reaching the hump resist- 
ance are the same. With the beginning of the planing con- 
dition, a shift of the trim angle occurs which, for' this 
series of tests amounts to about 1 between each of the 
scales selected. The increase in resistance for a single 
surface is practically constant, the percentage of increase 
therefore rises as the speed. The change from X = 9 to 
X ~ 12 is accompanied by a marlced increase in resistance. 

The effect of this increase on the get-away time de- 
pends on the magnitude of the propeller thrust. The get- 
away time is 

i = t r ...A — dv 

$ © s - i 
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wheye G is the airplane weight 

propeller thrust 

W, total resistance = water + air resistance 

fg, get-away speed 

If the resistance curve of the full-sized float is 
extrapolated from the test curves of the different models, 
the increase in the get-away time would he 



At 



20$ excess thrust at the hump 
40 $ ■ ■ ■ « 





\=3 


\ = 6 


\=- ; 9 


hump 


3. Si 


10.9$ 


2 6 . 0$ 


ti 


3 . i>$ 


6.0$ 


12. Cfb 



\=12 
146. Of, 



0? SCALE OH 3PEAY FORMAT I OH 



The form of the sheet of the spray in a transverse 
plane 0.5 m forward of the step was recorded by means of 
measuring rods for the full-sized float at a speed of 8.75 
m/ s and for trie models it corresponding speeds and corre- 
sponding locations. The results converted to full size 
are shown in figure 7. Bearing in mind that no sharp tran- 
sition from the spray- contact ed space to the free space 
occurs, which might result in a certain scatter during 
the .measurement , it will be noted that there is clearly a 
reduction of the relative height of spray as the model be- 
comes smaller, the drops formed being of the same size be- 
cause of the same surface tension of the water at all 
scales. Consequently , if appendages of the model lie in 
tne spray, such as wing-tip floats, stub-wing stabilizers, 
or landing gear of amphibians, they are washed dissimilar- 
ly by the spray at different scales. The difference in 
spray formation is readily apparent in the comparative 
runs of the models at X = 3 and \ = 12 (figs. 8 and 9). 



SELECTION OF 



Because of the effect of fractional resistance, the 
influence of the scale is dependent on the magnitude of 



w e 1 1 e d surfaces 



Lese in turn pre, with equal load, de~ 
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pendent on the angle of dead rise and the shape of the 
float aft of the step. Consequently, the data obtained 
with one specific type of float can only cerve as a refer- 
ence for the limitation of the scale. 



The first stipulation is that the flow conditions of 
model and full size shall "be similar. Referring the width 
of the float of 0. 957 m as full size to the planing sur- 
faces, gives surface I\ T o. 5 a scale of X = 9.57. At mean 
trim surface ho. 5 does not produce the pure planing con- 
dition as at the larger scales. Thus the planing experi- 
ments show that, "beginning at X ~ 9 the flow pattern is 
partly dissimilar, for which reason no further reduction 
in scale is advisable, a fact confirmed by the marked in- 
crease in resistance between X ~ 9 and X = 12. 



If, in view of the friction*! differences, it becomes 
impossible to convert the model data to full size as illus- 
trated, then the second requirement is, that even when the 
scale effect is disregarded, results shall be obtained 
which vary only within the usual limits of accuracy in mod- 
el tests from the true figures. The float experiments have 
shown that with X = 4, the maximum resistance is exceed- 
ed by less than 5 pcrcev.t, the trim angle differs only by 
about 1°, and the get-a^ray time is given only 4 to 5 per- 
cent too high at 20 to 40 percent excess of thrust. Also, 
the spray with this scale is practically the same as for 
full size. It is therefore advisable to investigate floats 
of this order of magnitude at X = 4. 

For larger aircraft, such as flying boats, it is not 
necessary to hold to this scale, for the chart of figure 
2 clearly shows that with further increase in the dimen- 
sions, the frictional coefficients do not become particu- 
larly smaller. From the point of view of loa,d, the float 
of average size may be considered a model of a flying boat 
without producing a notable change in the friction coeffi- 
cient within this range of enlargement. If, for instance, 
o-ie is dealing with a gross weight of 9,(500 kg, then at a 
gross weight of 1,200 kg of the float the scale is 

3 / 9 6ocT 

X 1 = J 120O " ^' ^ HJG&sl of the flying boat at a scale 

of XX =4X2 = 8 will therefore give almost the same 
accuracy of conversion as tiie '.odel of t..e float at a scale 
of X = 4. Naturally, a larger scale is to be preferred, 
about X - 6, if the test equipment permits the use of 
such large models. By the construction of its new tank 
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for towing at high speeds, which was described in 7.R.H. 
for 1931* No. 11, the Haraour^ische Schiffbau Versuchsan- 
stalt 'has provided the equipment for using these large 
models. 

On the basis of tests of different similar planing 
surfaces and different similar floats the effect of the 
BrCale .of tn ; e model on the conversion of the results to 
ful : l size is discussed for the case where the formula, ap- 
plied ,t/.o the .conversion of tests of ship models, which 
takes account of the different values of the friction coef- 
ficients fo:r nodel and full size, cannot he used. 

• EFFECT OF V-BOTTOLt 



V- "bottoms are used in seaplane design in order to re- 
duce the shocks on the "bet torn during take-off and landing 
in a seaway,, which may become several times greater than 
the grogs weight of the airplane. We refer here to Wagner's 
report (reference 2) and Pabst f s report (reference 3). Fig- 
ure 10, which shows the reduction of landing impact with 
increasing angle dead rise compared to the flat "bottom, 
was taken from Fabst T s article. However, there is a limit 
to the angle of de^d rise because the planing resistance 
is a mijlimum when the bottom is flat and rises as the dead 
rise becomes ;r eater. This Cleans, providing there is noth- 
ing else to prevent the take-off, a substantially longer 
take-off run, and the opinions of the designers relative 
to the requirements in a seaway are still very much divid- 
ed as to whether a quicker get-away with a flat or slight- 
ly V* d bottom or a longer take-off with pronounced V- "bottom 
is more advantageous. 

qualitatively an increase in resistance is obtained 
with increasing dead rise, according to the following anal- 
ysis: Consider that part of a flat-bottom float which, rel- 
ative to the direction of motion, is straight; in a fric- 
tionless fluid the resistance is W = A tan a if the load 
A is given. On a V-bottom (fig* lie) t-^e normal pressure 
on each side is IT / 2 , and its vertical component A/ 2 , 
wnere A is the total load carried by the tv/o sides. The 
loss components B/ 2 are canceled. The resistance is the 
sum of the compo nfxit s in the direct: on of motion: W/ 2 = 
A/3 tan a, tkat is, W — A tan a. Accordingly, in a fric- 
tionless fluid the resistance of flat- and V-bottoms is 
the s- me. 
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. : In a viscous fluid* - (fig. 11 p) the friction T "becomes 

additive. Then W ~ A tall a + T/ cos a. T is approximate- 
ly pr opo r t ioiial to the wetted surface E T , which increases 
with increrse of the sum of the normal forces exerted on 
either side of the bottom to generate the lift A. IT and 
consequently E 1 and T are minimum for the plane sur- 
f-ice where N falls in the median plane, whereas IT and 
consequently E * and T increase steadily with the in- 
creasing dead rise, Accordingly, the total resistance of 
a V-bottom increases with the read rise. The percent de~ 
'ere.*:se in performance due to the dead rise is greatest at 
•'small angles of trim whore the proportion of the f riction- 
al to the total resistance is greatest, as seen from the 
total resistance distribution (fig. 12, reference 1). 

Another disadvantage of V-bottoms is the much greater 
Spr-y format ion at the sides wnich, through impact on ap- 
pendages may multiply the resistance and endanger the pro- 
peller and the control surfaces. Tnis explains the attempt 
to keep the spray at a minimum by special design of the 
edges of the planing bottom. The purpose of the invest iga-* 
t ion of the four straight V-bottom (flat fore and aft) plan 
ing surfaces I7os. : 7 to 10, in contrast with the flat pi an in 
surface A, is to establish the effect of the dead rise on 
the resistance, poracnt , wetted surface; spray formation, 
and pressure distribution. The width A of each planing 
surface i;; .0.3 m, and they have "teen tested at a speed of 
6 m/s and a load of 18 kg< in comparison with the runs iTos. 
42 to 5H with the planing surface A described in reference 
1. The pressure distribution and the spray formation have 
been determined at identical speed and load for a = 4° , 
6°, and 8°. (See fig, 12.) 

MEASUREMENT 01" SPHaY FORMATION AND PRESSURE DISTRIBUTION 



The spray contours at the side of the planing surface 
and the hollow rake or trough aft of it, were measured in 
a number of longitudinal and lateral planes by means of 
measuring needles which are self-locking under spring pres- 
sure (as shown in fig. 13). The plotted curves are the up- 
per boundary of the sheet of spray. Isolated sprays that 
leave the main body are disregarded. The power of the 
spray which Can vary within the contours, can be gaged from 
the appended photogra ;.'.s. 

Tho spray is formed on the parts of the outside edge 
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of the planing surface where a large pressure drop occurs. 
Consequently , for a thoroup;h' analysis it is important to 
"be able to draw on records of pressure d is t*ribut ion aero ss 
the planing "bottom, A detailed account, of the test pro- 
cedure arnd scope for the flat planing surface A is given 
in reference 1. There, by— assuming that' the deviation of 
the streamlines' beneath the planing surface from the direc- 
tion of motion was unimportant, the speed decrease under 
the planing -surface couldL "be defined on the basis of the 
p.r es sur e ' dis tr ibut ion and introduced as a factor in the 
computation of the frictional resistance. But this assump- 
tion is not presumable with V-boftom surfaces. Consequent- 
ly, in the estimation of. the resistances of different V- 
bottoms only a resistance change parallel to the change 
of the netted surface can be determined. However, after 
the" division of the resistance of (longitudinally straight) 
planing surfaces at ^tot x •<& tan a + l/cos a is confirmed 

by the results of the flat planing surface A, the use of 
the pressure distribution, across the V surface for comput- 
ing the friction is ::o longer .necessary. 

Each planir.g surface was provided with about 90 pres- 
sure orifices arranged in three longitudinal rows and a 
number of transverse rows. .figure 14 shows one orifice. 
The discharge orifice diameter. was 2 mm and on three sur- 
faces 1 mm for check testing. .The glass tubes above the sta 
stations were mounted on a support. For the test the plan- 
ing surface was fixed at the trim angle established in the 
resistance measur eiaen-t s . When the water is cairn, the v/a- 
ter pressure can be indicated by marking on the glass. To 
detect any mutual interference between successive test' ori- 
fices, several test runs were made in which only one ori- 
fice-was kept, open; the others ^ere closed with Plastiline 
but no noticeable differences could be detected. The check: 
tests rith the 1 mm orifice diameter revealed as a result 
of the greater throttling of the entering water, a smaller 
fluctuation in the -ater column without, however, affecting 
the. average. It required on the average, .three test runs 
for each trim an t le, so that minor speed . discrepancies 
were inevitable. Consequently, the experiments cannot 
.claim to give the pressures with an accuracy of more than 
about. ±5 percent. 

The' recorded Maxi!:in pressures for all surfaces are 
substantially below the dynamic pressure which at v = 6 
m/ s , is 0«1835 kg/ cm" or 1335 mm ^ater pressure. Even 
though the ra:i:,e in w^lch the dynamic pressure is measured 
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is very narrow, the 800 mm long tubes must have proved too 
short at times for the much closer-spaced orifices in the 
forward pressure zone, as these tubes change their posi- 
tion relative to the pressure zone during a test run even 
with the least r.oveiuent of the water, Since this was not 
the case, it nay he assumed that the dynamic pressure does 
not occur on the surface. 

RESULTS 
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10 and flat surface A. Tan a is the common asymptotical 
limiting value of the € curves. In accordance with the 
tneoreticsl analysis, the result shows an increase in re- 
sistance rising steadily with increasing angle of dead 
rise as the wetted surface increases. The harmful effect 
of the angle of de-id rise diminishes as the trim angle in- 
creases, because the proportion of frictional resistance 
to total resistance decreases. Figure 16 shows the percent 



of 



the miniiiruin resistance 
o „j -i^O 



increase 

ances at a = 4 U and 10 
ing surface as they var; 
load increases, e beco 
1.) Then the effect of 



as well as the resist- 



coinpared to that of the flat plan- 
r with the bottom angle (3. As the 
aes worse. (See fig. 10, reference 
the dead rise will be more appreci- 
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a*ble a v t high angles of trim, whereas it will "be less at 

lo-w loads. Figure 17 gives the mean specific pressure 

'A- §1"3<# P p 

■Pm ~ ST • fractions of the dynamic pressure q = 1 v^ 

against (3 at a = 4° , 6° , and 8°. The plot also shows 
the static draft ..V corresponding, to the- momentary posi- 
tion' of the planing surface in planing condition expressed 
in fractions of draft V necessary for buoyancy A iiv 

rest position. It is seen that: p m / q drops sharply as. 

\j k :'} •• ■• ■»: .'• * i 

the . angle . of V- increases., whereas v / Hi a increases. 

FORMAT I Oil - •0? SPRAY 

Ilaning surface A (fig. 19) shows a portion of the 
spray profiles measured at a = 4° , 6°, and 8°, a photo- 
graph at a - 6° , and the pressure distribution for 
OC — o . 

As concerns the water trough aft of the planing sur- 
face: because of the small pressure drop the -water leaves 
in the direction of the planing surface and in the plane 
of symmetry reaches about the same depth below the water 
level for all angles of trim, although always deeper than 
the deepest point of the planing surface. The surface of 
the water in the long trough is almost smooth. The trough 
is bounded by the two waves that proceed from the sides and 
meet aft in the plane of symmetry. At their meeting, the 
water rises in a jet forming a roach. .This roach moves 
rearward with increasing angle of trim as well as with in- 
creasing beam of the planing surface. With increasing 
sp-.-.ed and simultaneous decrease of the load on the planing 
surface, a case analogous to the take-off cycle, the roach 
moves in toward tne step. This means that in tc?ke-off 
shortly before the get-away the afterbody may be again 
wetted by spray from the roach, with which a considerable 
increase in resistance is entailed. 

Because of the narked pressure drop,' the lateral spray 
rises steeply at the side edge and .has, at the rear edg'e 
of the "Planing surface, which corresponds to the location 



*This report contains anly a small pfe.!rt of the charts aid 
photographs; complete sets may be obtained pt the cost of 
reproduction ^rom the E.3.V.A. 



13 



N.A.C.A. Technical Memorandum No. 739 



of tjti£ step of a float, approximately the same height and 
"breadth at all angles. The spray continues to spread out 
aft of the planing surface as the trim angle increases. 
The,, spray forming at the front edge of the wetted surface 
flows out laterally in the direction of the "bottom of the 
siirfac e . 

Planing surface Ho. 7 (fig. 20): With. medium V-hottom 
a thin glassy "blister of spray proceeds from the contact 
1 ine • of planing surface and homogeneous water(a in fig. 18), 
and leaves laterally in the direction of the surface as a 
strong spray at "b . The portion marked c indicates the line 
where the side and the homogeneous water meet. The water 
here shoots into the air to ahout the same height and 
"breadth as with the flat surface A, except that the total 
volume of spray is greater than with surface A, which is 
explained "by the longer, -vetted side edge and the larger 
volume of displaced water. The trough is somewhat longer 
than for the flat surface A, because the roach retreats to- 
ward the re.ar. 

Planing .surface ? r o. 8 (fig. 21): The spray on the 
sides is more extensive than with surface !To . 7. The 
trough maintains for a short distance the depth of the 
rear etL'ge of the planing, surface and follows the shape of 
the V- tot torn. 

Planing surface ITo. 9. (fig. 22): The lateral spray, 
part of which forms a "blister, is of ahout the same height 
and breadth as for surface JTo f 8, next to the .rear edge. ■ 
Aft of the surface,, however, it has markedly increased in 
height ' and'treadth. The deepest point of the trough is at 
the rear eoge of the planing surface. ... 

Pla'ning surface No. 10 (fig. 23): Because of its pro- 
nounced angle of V, the mean unit pressure is so reduced 
that the displaced volume of water at small trim angles is 
almost equal to the "buoyancy (fig. 17), so that in spite 
of the free edges it is rather a question of floating than 
of planing. Accordingly, the pressure drop at the sides 
is small, hence the spray formation is not very extensive. 
The trough is strongly grooved, and a long, low roach is 
formed closely aft of the planing surface. After a steady 
increa.se in s-nray f o rmat ion' up to an angle of V ly ing "be- 
tween -132° and 100°, any subsequent rise in keel angle 
produces a marked decrease in spray. 
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S PlBILITY 



If the water ia in a disturbed condition the running 
onto a wave crest momentarily increases the wetted surface, 
whereh^ the center of lift is shifted forward. In the next 
moment the wave trough is passed and the opposite occurs; 
the' Netted surface is momentarily smaller and the center 
of lift shifts aft. In both cases, equilibrium by a change 
in draft is reached only in part because of the mass iner- 
tia. The resulting d i spla. cement of the center of lift 
about its .median position at wave frequency causes a longi- 
tudinal oscillation. The d isplaceraent of the center of 
pressure referred to the wetted length of the planing sur- 
face at identical disturbance of the water is relatively 
greater ; ^.s the wetted length is less, that is, as the an- 
gle of dead rise is less. Correspondingly, the longitudi- 
nal stability increases with the angle of dead rise as sub- 
stantiated by observation during the tests. By contrast, 
the lateral stability decreases* ' ?or example, surface No. 
10, at high trim angles, was markedly unstable transverse 
to the direction of motion. 



E'fFECI OF TRANSVERSE CURVATURE 



'I.xe cK.sire to keep o*ie /teavy »pra£y Jrom V— bottoms 
c'own laterally, lc- ds to the tu;e of curvature in the sides 
of the planing bottom, similar, for instance, to tno hol- 
lo/;/ vees used in building planing boats. The planing bot- 
tom forms 11 to 15, selected for comparative tests, are 
shown in section in figure 24. 

Flailing surface No. 11 has the same angle of V as 
planing surface 1*0. 9. Tigure 25 shows that the minimum 
resistance lies some 11-g- percent lower than the minimum 
for surface 'Jo. 9. The improvement is obtained in part 
from the sides of the bottom approaching so nearly flat 
surfaces in that the lift developed at a more favorable 
planing number produces a smaller resistance. The rest of 
the gain is attributable to the reaction from the issuing 
water, of which the direction of motion is changed in the 
curvature of the bottom. This increases the lift and the 
wetted surface and the frl@iieia are correspondingly de- 
creased. The ensuing pressure rise in the outside curve 
is seen in fijnre ^6. Ihe greater pressure drop, compared 
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to surface IT o . 9, induced toward the edge is followed by 
a substantially more forceful "breaking up of the water. 
The intended deflection of the water docs not occur; in- 
stead,, the water shoots up on the side at the same angle 
sl$ "/ith surface So« 9. Because, of the greater "breaking 
.up, the spray pattern seems to he even more unfavorable 
than with To. 9. Nevertheless, the area of the spray is 
somewhat reduced., caused probably by the reduced side 
length (compared to ITo. 9) and the reduced static displace- 
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The purpose of testing surface No. 12 was to estab- 
lish v/hether with less dead rise the increase in resist- 
ance due to the dead rise, could "be nullified with trans- 
verse curvature. Figure 25 shows that in part values are 
reached even less than those for the flat surface A. The 
spray measurements ( f ig. 27) show that the forward spray- 
that came from surface No. 7 with the same angle of V is 
flattened out by the transverse curvature. The spray is 
not quite so high at and aft of the rear edge of the plan- 
ing "bottom, "but is laterally more spread out. 

Surfaces I T os. 13 to 15, having the same angle of V, 
were studied for the effect of different side curvature. 
The resistance comparison in figure 25 reveals a 2.5 per- 
cent lower minimum for No. 14 than for No. 13, which is ex- 
plained by the increased spray reaction and its effect on 
wetted surface and frictional resistance. With too much 
curvature, surface No. 15, the water no longer becomes 
separated at the edge until at comparatively high angles of 
trim, as a result of which the additional friction at the 
sides raises the minimum resistance by 4.6 percent com- 
pared to No. 14. 

The spray of surface No. 13 (fig. 28) is similar to 
that of No. Hi but more voluminous aft. Following the 
sharp vee of the planing bottom, the water in the middle 
part of the trough flows immediately upward, forming two 
partial troughs. Compared to No. 13, No. 14 (fig. 29) 
clearly develops a stronger, higher, and more voluminous 
spray, due in part to the mutual interference of the 
streams of water shifted forward before the wetted forward 
edge. The still more pronounced curve of No. 15 (fig. 30) 
holds down the lateral spray up to about a = 15°. At 
higher trim angles it flows steeply upward. Its height 
and volume then are less than with Nos. 13 and 14, but in 
excess of those of surface A. This example shows that an 
excessive side curvature may delay the appearance of the 
pure planing condition without in any way being of use. 

EffSCf OF LONGITUDINAL CURVATURE 

According to the pressure distribution measurement on 
surface A, the pressure at the forward edge of the wetted 
surface where the deflection of the water occurs, rises 
immediately to maximum aai rapidly drops again rearward. 
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If the surface is curved fore and aft the water flowing 
relatively to the surface undergoes a steady directional 
change downward, as a result of which the momentum, and cor- 
respondingly the pressure, transmitted "by the water per 
unit surface, is greater over the after unit areas than in 
the case of the flat "bottom. This means that the mean 
pressure on the wetted surface p m » kf F 1 increases, and 
for equal lift F 1 is reduced, compared to the flat bot- 
tom, thus resulting in a gain of frictional resistance 

at equal angle of trim. In figure 32 the angle of trim 
a 1 for the curved surface denotes the setting of the chord 
corresponding to the wetted length 1 1 . 

For comparison with the flat surface A, we investi- 
gated surface ITo. 16, having a radius of curvature E * 
11,500 mm, and surface Uo. 17 with E = 6,000 mm. These 
surfaces, 0,3 m width, had a fore-and-aft curve with con- 
st-ait radius, tut were flat transversely. Figure 31 shows 
the minimum resistance of surface ITo. 16 to "be 10.3 percent, 
and that of surface ITo. 17, 15.6 percent lower than that of 
surface A. The decrease in resistance is approximately 
proportional to the reduction in wetted surface. The mo- 
ment is reduced to an even greater degree than the wetted 
surface, "because the distance lp of the resultant from 

the after edge of the planing surface becomes smaller as 
the pressure distribution curve "becomes fuller. Figure 
32, where the ratio IpA 1 versus a is given for the 

flat and curved surfaces, shows how l^/l ! decreases as 
the curvature increases. 

The spray (fig# ? 33 and 34) at the sides is substan- 
tially less in height and volume compared to the plane 
surface A, which a^ain is due to the shortened wetted 
length and to the reduction in static displacement. In 
contrast with surface A, there is a deeper and wider 
trough aft of the planing surface. An increasing longi- 
tudinal instability is observed with increasing curvature, 
which is explained in the section "Stability" (page 19), 
insofar as the curvature is followed by a reduction in wet- 
ted length and likewise by an increase in the effect of 
the displacement of the center of lift in disturbed water. 
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Test Data of Planing Surfaces Sos. 16 and 17 
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In conclusion, the following statements may be made 
as to the spray formation of all the "bottom shapes inves- 
t igat ed : 

1. As the angle of dead rise increases, the spray 
"becomes higher and more voluminous. Hot until extremely 
sharp vees are reached, where the planing rather resem- 
bles floating, does the spray formation recede, 

2. Transverse curvatures do not have the anticipat- 
ed effect relative to the restriction of spray. If a re- 
duction occurs, it is minor; in many instances an increase 
is observed. Excessive transverse curvatures are unfavor- 
able as they are apt to delay the appearance of the pure 
planing condition. Best of all, is a transition of the 
side into the horizontal at not too rapid a rate. 

3. Longitudinal curvatures i in the case of the trans- 
versely flat surfaces reported here, give a favorable 
spray pattern. 



N.A.C.A. Technical Memorandum Ho, 739 



25 



4. The spray is only slightly affected by the form 
of the planing "bottom. It is much more affected "by vari- 
ations in the width of the planing bottom, regarding which 
there will he a report later. 

The comparison of the resistances of all the "bottom 
shapes refers to the condition of pure planing. The mu- 
tual interdependence that has "been found is qualitatively 
the same for load changes, and quantitatively about the 
same according to the results of tests with the flat plan- 
ing surface A, as described in reference 1. But it does 
not cover the condition at the change from floating to 
planing near which the resistance of a seaplane during 
take-off is a minimum. It remains for special investiga- 
tion to show whether V T d forms are comparatively superior 
to flat bottoms at the maximum resistance, which would in- 
volve another factor in the compromise solution that must 
be found in the design of a seaworthy airplane. 

The "bottom forms described here represent only a frac- 
tion of those tested. The results of the tests with other 
"bottom forms T*ill be published later. 

Translation by J. Vanier, 
National Advisory Committee 
for Aeronautics. 
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Figure Planing number € versus a for flat planing surfaces towed 
according to Froude law* 
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Figure 2.- Coefficient of friction versus Reynolds Number for flat 
planing surfaces. 
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Figure 3.- Coefficients of surface P 1 / 1 * 2 and moment M/AT) versus 




Speed, v in m/sec. 

figure 4 # - Resistance and angle of trim, full size, for It^ m const. 

together with resistance and trim angle converted according 
to X 3 for scale X« 3,6,9 and 12 at the same moment. 
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Figure 5.- Resistance 

and angle 
of trim, full size, 
for M2 = const, to- 
gether with resistance 
and trim angle con- 
verted according to 
for scale A ■ 3,6,9 
and 12 at the same 
moment • 

(Right) Resistance of 
the models at the same 
trim angle as for full 
size. - 



Figure 6.- Percent 

increase 
of hump resistance 
versus scale. 



O 



0) 

0 

1 

CO 

V 






































V \ 



























10 11 H 8 3 

speed, v in m/sec 



! 

ftf 














f 




Water " 
V level 




5 


4* 



Distance from side of float in m 

Figure 7.- Spray formation, measured at 

full-scale transversely 500 mm 
forward of step at v = 8.75 m/sec. and on 
all models at similar distance and 
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Figure 10.- Effect of keel 

angle p on impact. 




Figure 11.- 

(a) forces on flat float bottom, frictionless fluid, 

(b) « « ■ " , viscous ■ , 

(c) " » V » » , frictionless ■ . 
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Figure 12.- Sections of 

planing 
surfaces A and nos. 7-10. 




Figure 13.- Device for measuring 
spray. 
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Figs. 19,20,31 
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Figure 19.- Spray formation and pressure distribution of surface a st 
6 m/sec. speed and 18 kg load. 
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Figure 20.- Soray formation and pressure distribution of surface no. 7 
at 6 m/sec. speed and 18 kg load. 
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Figure 21.- Spray formation and pressure distribution of surface no. 8 
at 6 m/sec. speed and 18 kg load. 
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Figs. 22,23,24,25 
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Figure 22.- Spray formation and pressure distribution of surface no. 9 
at 6 m/sec. speed and 18 kg load. 
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Figure 23.- Spray forma- n - 15 

tion and 
pressure distribution of 
surface no. 10 at 6 m/sec. 
speed and 18 kg load. 

Fl n 



Figure 24.- Cross section 

of planing 
surface no. 11-15. 



Trim ; a 



Figure 25.- c, c M and cp 
versus a for 
A, and no . 11-15. 
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Figs. 26,27,28 
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Figure 26.- Spray formation and pressure distribution of surface no. 11 
at 6 m/sec. and 18 kg load. 
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Figure 27.- Spray formation and pressure distribution of surface no. 12 
at 6 m/sec. and 18 kg load. 
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Figure 28.- Spray formation and pressure distribution of surface no. 13 
at 6 m/sec. and 18 kg load. 
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Figure 29.- Spray formation and pressure distribution of surface no. 14 
at 6 m/8ec. and 18 kg load. 



/ Longitudinal 
section A 



Pressure 
distri button 
for ex. = 6° 




Boundiry of watted surface in run. 

Cut o-f planing surface with level. 

Figure 30.- Spray formation and pressure distribution of surface no. 15 
at 6 m/seci and 18 kg load. 
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Figure 32.- Ip/V versus oc for surface A, and 16-17. 




Figure 33.- Spray formation and pressure distribution of surface no. 16 
at 6 m/sec. and 18 kg load. 
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Figure 34.- Spray formation and pressure distribution of surface no. 17 
at 6 m/sec. and 18 kg load. 
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